Introduction
The mandibular gland in mouse contains ducts with a particular structure that interposes between intercalated and striated ducts. These ducts are lined by columnar cells, which contain numerous granules in their cytoplasm, with different sizes and approximately spherical or ovoid shapes (1) . As early as 1940, Lacassagne observed that, until puberty, there are only striated ducts in the mouse mandibular gland (2) . Along with sexual maturity, the segment belonging to the striated ducts, neighboring the intercalated ducts, contains acidophilic granulations (3) . Because of the membrane-bound granules present in the apical cytoplasm of the cells, they are termed granular ducts (4) . Some authors reported the existence of a single cell population in granular convoluted ducts in mouse, with numerous homogeneous granules occupying 2/3 of the cytoplasm in the apical area (5) . Others affirm that cells of the granular convoluted duct in the mandibular gland in rat presents heterogeneous granules starting from 6 weeks age, which suggests a functional diversity of the cells (6) .
Electron microscopy has shown that "standby" granular cells stored numerous membrane-bound granules in their apical cytoplasm, and stimulation with 1 µM nicotinamide adenine dinucleotide led to an immediate increase of the secretory response (4) . Some authors affirmed that the acidophilic granulation formation rhythm was increased in mandibular glands in guinea pig after antidiuretic hormone administration (7) . In order to study the renewal rhythm of the secretory granules, rat mandibular glands were examined in electron microscopy at different times after cell degranulation in granular ducts, with cyclocytidine injection. The study highlighted that renewal of secretory granules in granular duct cells is a very slow process that implies fusion of smaller granules (8) . The same authors stated that the secretion is eliminated from cells in three different ways: through typical exocytosis, compound exocytosis, and an apocrine mechanism (9) .
Granular ducts are present only in mandibular glands in some rodents and contain more cellular types in their structure: granular cells, dark granular cells, pillar cells, and transition cells. Granular cells synthesize biologically active peptides and processing enzymes, epidermal growth factor (EGF), nerve growth factor (NGF), kallikrein and renin, erythropoietin, atrial natriuretic peptides, cysteine and serine protease inhibitors, S-100 protein, glucagon, and somatostatin. These substances are secreted after α-adrenergic stimulation. Pillar cells synthesize S-100 protein and neuron-specific enolase (10) . Some authors affirmed that salivary glands are a good model for understanding the relationship between glandular structures and cellular secretions (11) .
The aim of this study was to assess the secretory mechanisms, through histological examination, in cells lining the granular ducts in albino laboratory mouse.
Materials and methods
The investigation was approved by the Scientific Research Ethics Committee of the University of Agricultural Sciences and Veterinary Medicine Cluj-Napoca, Romania (no. 64/24.05.2017), and the project received authorization from the National Sanitary Veterinary and Food Safety Authority Cluj-Napoca (no. 70/14.06.2017). The research was conducted in accordance with the legislation imposed by the Ministry of Health (Directive 2010/63/EU and Romanian legislation, no. 43/2014). The histological processing was performed in the Histology Laboratory of the University of Agricultural Sciences and Veterinary Medicine in Cluj-Napoca. The biological material utilized in this research comprised five albino laboratory mice (BALB/c), 18-week-old males weighing 25-30 g, acquired from the biobase of the University of Agricultural Sciences and Veterinary Medicine ClujNapoca, from a specific pathogen-free environment. The animals were accommodated in cages conforming with the legislation, with special bedding (J Rettenmaier & Soehne GmbH, Rosenberg, Germany). Nourishment was administered as granular combined fodder (Cantacuzino Institute, Bucharest, Romania), the animals had ad libitum access to water, and the environmental conditions were 23 °C, 55% humidity, and 12-h dark/light cycle. Specialized staff monitored the health of the animals on a daily basis. After previous anesthesia with an inhaled anesthetic (Aerrane isoflurane, Baxter S.A.), the mice were sacrificed and we harvested the mandibular glands for histological investigations. The samples were fixed in 10% buffered formalin for 5 days, and we refreshed the fixation solution three times. After the fixation period ended, the samples were dehydrated in ethyl alcohol with increasing concentration, clarified in n-butyl alcohol, and embedded in paraffin. We obtained seriated sections of 5 µm in thickness with the aid of a Leica rotary microtome and subsequently stained the samples with Goldner's trichrome method. The histological specimens were examined under an Olympus BX41 light microscope and the images were captured with an Olympus E-330 digital camera. The images were subsequently processed using Photoshop CS2 software, V.9.0.
Results
The mouse mandibular gland contains only one type of acini. They are small, and acinar cells have relatively translucent cytoplasm and round nuclei located in the basal third of the cell. The intralobular duct system is formed of intercalated, granular, and striated ducts.
Numerically, granular ducts clearly predominate and the cells lining them contain numerous highly polymorphic granules, in both shape and tinctorial affinity. The shape of granular ducts is sinuous (convoluted), an aspect that highlights the fact that their length is relatively big. Cells lining their walls are high and have cytoplasm filled with polymorphic granules regarding their shape. The size and tinctorial affinity of the different granulations suggest that either the contained secretory product is in different maturation stages or that they contain secretory products with a different structure, or both. The great number of polymorph granulations suggests a very intense secretory activity of the cells lining these ducts, secretion of which seems to even exceed that of the acinar cells.
Concerning the ways of transfer of the secretory products of the granular ducts' cells in the lumen, the situation seems to be complex. Most of the cells appear intact, without any obvious distortions or presence of discontinuities of the cell membrane. However, there are cells that present obvious bulges in the apical pole, which suggests that they eliminate their secretory products through an apocrine mechanism (as shown in Figure 1 and Figure 2) .
Furthermore, some cells present obvious changes materialized through discontinuities of the apical pole of granular cells and a tendency of granule transfer towards the lumen (as shown in Figure 3 ). Some are in a more advanced stage, with an obvious tendency of structural disintegration (as shown in Figure 4 ). Based upon their morphological aspects, these cells eliminate their secretory products through a holocrine mechanism.
There are also ducts in which, aside from cells that eliminate their secretory product through an apocrine mechanism, there are others in which a holocrine mechanism is visible (as shown in Figures 5-8 ).
Discussion
The morphological aspects observed in this study show that the granules present in granular ducts are highly polymorphic in the shape and maturation stage of the substances they contain. There are large differences from one duct to another and even from one cell to another lining the same duct. Most of the cells appear to be well outlined and without obvious changes of the apical pole (the one through which they eliminate their secretory product). Based upon the morphological aspect, it seems that these cells either transfer their secretory products through exocytosis or are on "standby". The modality of secretory discharge of the granular cells from the mandibular gland through exocytosis was also evidenced by other authors. They affirmed that the transfer of secretory product from granular ducts is achieved through typical exocytosis and compound exocytosis (granules' fusion intracellularly in aggregates) (9). There are rare cases of spontaneous exocytosis, but it seems that in the case of domestic mouse, the aggressive behavior can induce a secretory response of the granular duct cells (7) . A significantly smaller number of cells present changes in the apical pole, which projects towards the duct lumen with a tendency of dislocation of the apical pole as vesicles, which can be observed here and there in the lumen. These aspects suggest that they eliminate their secretory products through an apocrine mechanism. The apocrine secretory mechanism in some cells in granular ducts of the mandibular gland in rodents was also noted by other authors (9) . Others offered morphological details of this secretory mechanism, affirming that the apical part of the cell forms an extension, which gradually increases in size until finally detaching from the main cellular body of the cell in order to release the content through an apocrine mechanism (12) .
Some authors assessed the secretory activity of the cells in granular ducts and the secretion release method after nervous stimulation. They observed that cells lining the granular ducts in the mouse mandibular gland seem to be capable of different responses depending on the autonomic nerve stimulation (13) .
Secretory changes of the cells in granular ducts from the mouse mandibular gland were highlighted after electric stimulation of the sympathetic nerves. Authors discovered that initially the granules aligned in the proximity of the apical membrane and evidence of occasional classic exocytosis was observed. Afterward, a process of fusion of the interior granules with the formation of large irregular aggregates was noticed, and their content seemed to be transferred into the lumen through openings of the aggregates. The aggregates had a tendency to incorporate parts of the cytoplasm in some cells, which presented dilatations of the apical pole with the release of the content through an apocrine mechanism (14) .
In order to stimulate the activity of the sublingual and mandibular glands in guinea pigs, Winckler and Eitschberger (15) sectioned the chorda tympani. In the case of the sublingual gland, they obtained maximal stimulation of the glandular parenchyma in the first 3 days, observing phenomena of apocrine and holocrine secretory mechanisms. The authors observed that in the case of the mandibular gland, the effects were less pronounced. The presence of both apocrine and holocrine secretory mechanisms can be noticed, but the authors affirmed that they obtained these results after maximal stimulation of the glandular parenchyma, not the cells lining the granular ducts. There is no clear statement about the fact that these aspects would involve the granular duct cells. Moreover, these results were reported in a different species than the one taken by us into study and not in a physiological situation, but after an experimental stimulation of the secretion. In comparison to the authors mentioned above, we highlighted the holocrine secretory mechanism in mouse as a physiological mechanism, without stimulation.
In the present study, we observed particular aspects in a certain number of cells, which presented discontinuities of the apical pole and a tendency of transfer of the granules towards the lumen in their initial shape. Some of them presented an obvious tendency of structural disintegration, which suggests that they are in a more advanced stage towards finalizing the secretory process. Differences from one cell to another seem to be due to the functional stage in which each cell in part was intercepted, but all these cells eliminate their secretory products through a holocrine mechanism. We did not find any aspects regarding the presence of a holocrine secretory mechanism of cells lining granular ducts in mouse in the specialty literature that we consulted; therefore, this seems to be the first evidence of such a mechanism. Considering the fact that we observed morphological aspects that suggest the existence of the three mechanisms of cell secretion (merocrine, apocrine, and holocrine), even in cells belonging to the same duct, we can state that the differences are not necessarily significant from one duct to another. In the case of every duct, cells that eliminate secretion through one of the known mechanisms can be present. Concerning the general aspect, it seems that cells with a holocrine secretory mechanism perform only one secretory cycle and their activity is not synchronized, but there is always a certain number of cells finalizing this cycle. Accordingly, it seems that a certain continuity of the holocrine secretory mechanism is ensured, along with the other two types of secretion.
In conclusion, our study presents the first report on the holocrine secretory mechanism in granular ducts in the mouse mandibular gland. This study highlights the fact that cells lining granular ducts in the mandibular gland in mouse transfer their secretory products through the two mechanisms described in the specialty literature, namely merocrine and apocrine, but there are also cells presenting a holocrine secretory mechanism. It is difficult to assess the proportion of cells employing all three mechanisms because the secretion of cells lining granular ducts does not seem synchronized, but rather successive.
